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(54) MICROMIRROR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a micromirror device applicable to an optical switch, in which a distortion of an optical 
beam hardly occurs, and an optical signal is switched at high speed. 

SOLUTION: The micromirror device having a micromirror and a piezoelectric actuator array on which a plurality of piezoelectric 
elements are arranged is provided. The micromirror device is characterized in that the device has an elastic member between 
the micromirror and the piezoelectric actuator array, and the elongation and the contraction of the piezoelectric elements 
composing the piezoelectric actuator array are transformed into a rotational dislocation into two axis directions of the 
micromirror via the elastic member. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated. by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a micro mirror device which possesses a micro mirror and a piezo-electric actuator array by which two or more piezoelectric 
devices which reveal elastic displacement to a normal line direction of a mirror plane of the micro mirror were arranged and with 
which said piezo-electric actuator array is allocated in a rear face of said micro mirror, 

An elastic member which connects a crowning of two or more piezoelectric devices which constitute said piezo-electric actuator 
array between said micro mirror and said piezo-electric actuator array is equipped, 

It comes to connect said micro mirror and said elastic member via a narrow supporter formed in a portion which carries out said 
connection of said elastic member, 

A micro mirror device from which said elastic displacement of a piezoelectric device which constitutes said piezo-electric 
actuator array is changed into rotation displacement to the biaxial direction of said micro mirror via said elastic member. 
[Claim 2] 

Said two or more piezoelectric devices present prism form, and are arranged by matrix form in a field of 1 of a ceramic substrate, 
said piezo-electric actuator array carries out calcination unification with said ceramic substrate, and is formed, and it is an 
element which produces displacement by the piezo-electric transversal effect, 

The micro mirror device according to claim 1 which is a sheet shaped component which said elastic member presents a lattice- 
like pattern. 
[Claim 3] 

An elastic member which connects a crowning of two or more piezoelectric devices which constitute said piezo-electric actuator 
array compares with a top close part of each piezoelectric device, The micro mirror device according to claim 1 or 2 with which 
intensity of a central close part between two or more piezoelectric devices concerning said connection is small, and said narrow 
supporter is formed in said central close part of the elastic member. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention is provided with a piezo-electric actuator array as drive mechanism, and relates to the micro mirror device to 
which the angle of a micro mirror may be freely changed with the displacement which the piezoelectric device of a piezo-electric 
actuator array causes. 
[Background of the Invention] 
[0002] 

The construction of an optical communication network system which does not carry out photoelectric conversion is progressing 
much more recently, and it is thought that the network system by the light replaced with an electrical signal will become in use 
from now on. Under such a background, in order to correspond to large scale-ization of an optical communication network, while 
expectations gather for the optical switch which can change the course of a lightwave signal with light, development of the 
suitable micro mirror device for use to the optical switch and application is hurried. 
[0003] 

A micro mirror device is a device which can control precisely each angle of two or more micro mirrors arranged one dimension 
thru/or in two dimensions in the biaxial direction. By controlling the angle of a micro mirror, the reflecting direction of the optical 
beam which entered into the micro mirror can be changed, and it is used as a main configuration section article of an optical 
switch. Such a micro mirror device is produced by the MEMS (Micro Electro Mechanical System) technology which used the 
silicon process, and, generally, is using the electrostatic actuator as drive mechanism. 
[0004] 

An example of the conventional micro mirror device which uses an electrostatic actuator as drive mechanism is shown in drawing 

8 (a) and drawing 8 (b). Drawing 8 (a) is a top view and drawing 8 (b) is a figure showing the AA' section in drawing 8 (a). The 

micro mirror device 80 illustrated is a device with which the micro mirror 81 was attached to the mirror placing part 84 supported 

with the torsion bar spring 82 so that it can carry out movable easily. The micro mirror device 80 is a device which uses 

electrostatic force to the mirror placing part 84, inclines the mirror placing part 84, and can control the angle of the micro mirror 

81 by energizing to the electrode 83. The patent documents 1-3 are mentioned as a prior art reference concerning the optical 

switch having contained the micro mirror or the micro mirror. 

[Patent documents 1] US,5,960 t 1 32,B Description 

[Patent documents 2] US,6,072,924,B Description 

[Patent documents 3] JP.H8-320441 .A 

[Patent documents 4] US,2004/0070315,A Description 

[Description of the Invention] 

[Problem to be solved by the invention] 

[0005] 

However, there were conditions that driving force was small and the micro mirror 81 had to be lightly made thin since the micro 
mirror device 80 shown in drawing 8 (a) and drawing 8 (b) is a thing using electrostatic force. As a result, it falls and becomes 
easy to change the rigidity of the micro mirror 81 , and the problem of being easy to be distorted after an optical beam's reflecting 
had arisen. The operation which changes the angle of the micro mirror 81 was slow, and it was difficult to change a lightwave 
signal at high speed. 
[0006] 

This invention is made in view of such conventional SUBJECT, and there is a place made into the purpose of this invention in 
providing a micro mirror device which conquered a fault of the conventional micro mirror device using electrostatic force. . As 
[ drive / a rigid high (that is, heavy) micro mirror / as a result of research piling up / at high speed ] An electrostrictive actuator 
(array) in which positioning control with it is possible is used as drive mechanism, [ large driving force and ] [ precise ] With a 
micro mirror device possessing a mechanism of changing into rotation displacement to the biaxial direction of a micro mirror 
elastic displacement which the electrostrictive actuator (piezoelectric device) causes. It found out that it was possible to control 
distortion of an optica! beam, etc. and to change a lightwave signal more quickly, and this invention was completed. 
[Means for solving problem] 
[0007] 

Namely, a piezo-electric actuator array by which two or more piezoelectric devices which reveal elastic displacement to a normal 
line direction of a mirror plane of a micro mirror and its micro mirror were arranged first according to this invention, Provide, and 
a piezo-electric actuator array is a micro mirror device allocated in a rear face of a micro mirror, and between a micro mirror and 
a piezo-electric actuator array, An elastic member which connects a crowning of two or more piezoelectric devices which 
constitute a piezo-electric actuator array is equipped, Elastic displacement of a piezoelectric device which it comes to connect a 
micro mirror and an elastic member via a narrow supporter formed in a portion which carries out the above-mentioned 
connection of an elastic member, and constitutes a piezo-electric actuator array via an elastic member, A micro mirror device 
changed into rotation displacement to the biaxial direction of a micro mirror is provided. 
[0008] 

Although the micro mirror device of this invention does not limit the number of micro mirrors but what is necessary is just one or 
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more, two or more piezoelectric devices are together put to one micro mirror. What is necessary is just to combine at least three 
or more piezoelectric devices (actuator) or two piezoelectric devices, and one holding part (the piezoelectric device which does 
not move may be sufficient), in order to rotate one micro mirror in the biaxial direction. By [ this ] combining and coming out and 
carrying out elastic displacement of at least one or more piezoelectric devices, it is possible for the elastic member which 
connects the crowning of a piezoelectric device to bend, and to make the angle of a micro mirror variable via that modification. 
[0009] 

a narrow supporter is a portion which supports a micro mirror in view of the elastic member side — the — that it is narrow, In 
the portion which each of a micro mirror and an elastic member joins to a narrow supporter at least although a size in particular 
is not limited, It has the intensity fully fixed, and as long as the reproducibility of the displacement which the piezoelectric device 
of a piezo-electric actuator array reveals is good and it may transmit to a micro mirror, the area of the portion which a narrow 
supporter and an elastic member join means the grade which becomes smaller. It is because modification of the elastic member, 
produced with the displacement which a piezoelectric device reveals will be amplified more and will get across to a micro mirror, 
if the micro mirror and the elastic member are connected by such a narrow supporter. Although a narrow supporter is not limited, 
a thin column body-shaped thing can be used for it, for example. 
[0010] 

A narrow supporter may be a portion which intervenes connection between a micro mirror and an elastic member, may be a 
height united with the elastic member side, may be a height united with the micro mirror side, and may be a component by which 
itself is fabricated independently. 
[0011] 

If a position in which a narrow supporter is formed is a portion which connects a crowning of two or more piezoelectric devices 
of an elastic member, it will not be limited, but a more desirable position is a center between crownings of two or more 
piezoelectric devices. It is because displacement which two or more piezoelectric devices reveal gets across to a micro mirror 
uniformly, so control of the angle becomes easy. 
[0012] 

The elasticity of an elastic member means elasticity over plasticity, an elastic member will change, if power is applied to an 
object from outside, if the power is removed, it is the component provided with character which tries to return to the original 
form, for example, metal components correspond. 
[0013] 

In a micro mirror device of this invention, As for a piezo-electric actuator array, two or more piezoelectric devices present prism 
form, It is arranged by matrix form, and calcination unification is carried out with a ceramic substrate, and it is formed in a field of 
1 of a ceramic substrate, and is an element which produces displacement by the piezo-electric transversal effect, and, as for an 
elastic member, it is preferred that it is a sheet shaped component which presents a lattice-like pattern. 
[0014] 

It is the low dusting-characteristics matrix type piezo-electricity (/electrostriction) device indicated in the patent documents 4 
which these people indicated, for example as a piezo-electric actuator array using displacement of the above piezo-electric 
transversal effects, and what reveals displacement of the piezo-electric transversal effect is preferred. When electric field are 
added in the same direction as a polarization direction, they call the displacement in case a piezoelectric device changes so that 
it may expand and contract perpendicularly displacement of the piezo-electric transversal effect. 
[0015] 

The piezoelectric device which constitutes a piezo-electric actuator array, Although it is the displacement element which 
sandwiched the piezo electric crystal by the electrode of the couple at least and is not limited, a piezoelectric device, It has even 
stratified piezo electric crystals, and laminating is preferred so that a common electrode stratified in the field in each and a 
stratified individual electrode may be inserted by turns and a stratified common electrode may serve as the outermost layer, and 
as for the number of layers of a stratified piezo electric crystal, it is still more preferred that the number is even [ four or more ]. 

[0016] 

In the micro mirror device of this invention. The elastic member which connects the crowning of two or more piezoelectric 
devices which constitute a piezo-electric actuator array compares with the top close part of each piezoelectric device, The 
intensity of the central close part between two or more piezoelectric devices (crowning) concerning connection is small, and it is 
preferred that a narrow supporter is formed in the central close part of the elastic member. 
[0017] 

Although a means which makes intensity of a central close part small is not limited, for example, material strength may be 
selectively reduced by changing character of material of the central close part etc., as a easier means, A method of making it 
small as strength of structure by making it thin, making the central close part thin, etc. is employable. 
[0018] 

In a micro mirror device of this invention, it is preferred that two or more micro mirrors are equipped and an elastic member is 

independently equipped for each micro mirror of every. 

[0019] 

That an elastic member is equipped independently means that an elastic member which transmits elastic displacement of a 

piezoelectric device to a micro mirror is separated for every micro mirror. 

[0020] 

In a micro mirror device of this invention, the surface of a micro mirror is a mirror plane and a piezo-electric actuator array 
which is drive mechanism is allocated in the rear-face side of a micro mirror. Although form of a micro mirror may not be limited 
but it may be circular, an ellipse form, etc., since two or more piezoelectric devices use a piezo-electric actuator array preferably 
arranged by matrix form as the drive mechanism, form which can enlarge a usable area of a mirror plane more according to it is 
preferred. For example, they are a square, a rectangle, etc. 
[Effect of the Invention] 
[0021] 

The micro mirror device of this invention as drive mechanism of a micro mirror, Have a predetermined elastic member between a 
micro mirror and a piezo-electric actuator array not using an electrostatic actuator but using an electrostrictive actuator (array), 
and the elastic displacement of the piezoelectric device of a piezo-electric actuator array via an elastic member, Since it 
changes into the rotation displacement to the biaxial direction of a micro mirror and the angle of a micro mirror is changed, a rigid 
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high micro mirror can be driven at high speed, and the angle can* be changed. 
[0022] 

In the desirable mode, the above-mentioned predetermined elastic member compares the micro mirror device of this invention 
with the top close part of each piezoelectric device, Intensity of the central close part between two or more piezoelectric 
devices (crowning) concerning connection is made small, and a narrow supporter is formed in the central close part of the elastic 
member, i.e., a portion with small intensity. Therefore, since modification of an elastic member concentrates on a portion with the 
small intensity, the elastic displacement which a piezoelectric device reveals can be more efficiently changed into the rotation 
displacement of a micro mirror. 
[0023] 

Since the micro mirror device of this invention is equipped with two or more micro mirrors, and an elastic member is separated 
for each micro mirror of every and it is independently equipped with it in the desirable mode, It is hard to produce the cross talk 
between the rotation displacement of the adjoining micro mirror, and the angle control of a micro mirror can carry out with more 
sufficient accuracy. 

[Best Mode of Carrying Out the Invention] 
[0024] 

Although an embodiment is hereafter described suitably about this invention, taking Drawings into consideration, this invention 
should be limited to these and should not be interpreted. It is a range which does not spoil the summary of this invention, and 
various change, correction, improvement, and substitution can be added based on a person's skilled in the art knowledge. For 
example, this invention is not restricted by the information shown in the mode expressed by Drawings or Drawings although 
Drawings express a suitable embodiment of the invention. When carrying out or verifying this invention, the same means as what 
was described in this Description, or an equal means may be applied, but a suitable means is a means described below. 
[0025] 

Although the piezoelectric device and the piezo-electric actuator array which constitute the micro mirror device of this invention 
are expressed as piezo-electricity, It is an actuator of the array form which arranged the element and it using distortion induced 
by electric field, It is not limited to the element using the piezo-electric effect which generates the distortion amount 
proportional to the impressed electric field in the meaning in a narrow sense in general, etc., The element using phenomena, such 
as a phase transition between the antiferroelectric phase-ferroelectric phases seen by the electrostrictive effect which 
generates the distortion amount proportional to the square of the impressed electric field in general, the polarization inversion 
seen by the ferroelectric material at large, and antiferro el etric-material material, etc. are contained. Also about whether a poling 
process is performed, it is suitably determined based on the character of the material concerning the piezo electric crystal of a 
piezoelectric device. The piezo electric crystal which constitutes a piezoelectric device refers to what piezoelectric material (it is 
not a narrow sense similarly) made definite shape. 
[0026] 

The micro mirror device of this invention possesses a micro mirror and a piezo-electric actuator array, and it comes to allocate a 
piezo-electric actuator array in the rear face of a micro mirror. The piezoelectric device of plurality [ actuator array / piezo- 
electric ] is arranged, and each piezoelectric device of the reveals elastic displacement to the normal line direction of the mirror 
plane of a micro mirror. The micro mirror device of this invention is equipped with the elastic member between the micro mirror 
and the piezo-electric actuator array, and the elastic member is connecting the crowning of two or more piezoelectric devices 
which constitute a piezo-electric actuator array. And the micro mirror and the elastic member are connected via the narrow 
supporter formed in the portion which carries out the above-mentioned connection of an elastic member. The elastic 
displacement of the above-mentioned piezoelectric device is changed into the rotation displacement to the biaxial direction of a 
micro mirror via the above-mentioned elastic member, and the micro mirror device of this invention which has such a form 
enables change of the angle of a micro mirror. 
[0027] 

Hereafter, the component of the micro mirror device of this invention is explained one by one. The micro mirror device which will 
explain a component from now on is equipped with four micro mirrors, and four piezoelectric devices are together put to each 
micro mirror. 
[0028] 

First, a piezo-electric actuator array is explained. Drawing 1 is a perspective view showing one embodiment of the piezo-electric 
actuator array which constitutes the micro mirror device of this invention, and drawing 2 is the top view (plan in drawing 1 ). The 
piezo-electric actuator array 10 illustrated. The piezoelectric device 31 of the prism form which consists of the piezo electric 
crystal 4 and the electrodes 18 and 19 of a couple on the ceramic substrate 2, It is an actuator of the array form which comes to 
carry out 1 6-piece (=4x4) arrangement, and calcination unification is carried out and the ceramic substrate 2 and the 
piezoelectric device 31 (piezo electric crystal 4) are formed in matrix form. The electrode 18 is an individual electrode which 
became independent for every piezoelectric device, and the electrode 19 is a common electrode common to all the piezoelectric 
devices. 
[0029] 

each piezoelectric device 31 shown in drawing 1 , although expressed the piezo electric crystal 4 of one prism form, and the 
electrodes 18 and 19 of the couple which sandwiched it as what is come out of and constituted, In the micro mirror device of this 
invention, a more desirable piezoelectric device, It is a thing of the mode which has even stratified piezo electric crystals, is 
laminated so that an individual electrode (for example, 18 about electrode) stratified of the field and a stratified common 
electrode (for example, 19 about electrode) may be inserted by turns and a stratified common electrode may serve as the 
outermost layer, and presents prism form as a whole. [ each ] As for the number of layers of a piezo electric crystal, it is 
preferred that the number is even [ four or more ]. By making a number of layers into even number, it is because it becomes 
possible to use as a common electrode each electrode exposed to the second page of the outermost layer and an electric short 
circuit becomes difficult to take place between the adjoining piezoelectric devices. When a number of layers is 2, and the two 
layer thickness differs slightly, there is a possibility (it will move to the longitudinal direction in drawing 1 ) that the Masanao 
nature of displacement will get worse, but it is because the influence by the difference of the thickness of a piezo electric crystal 
can be reduced if the number is even [ four or more ]. 
[0030] 

Each piezoelectric device 31 (piezo electric crystal 4) is an element which produces displacement by the piezo-electric 
transversal effect, and when the lower end is fixed on the ceramic substrate 2 and the electric field E are added in the same 
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direction as the polarization direction P, it produces the elastic displacement of the direction (sliding direction in drawing 1 ) of 
arrow S with perpendicular them. The piezo-electric actuator array 10 is drive mechanism of a micro mirror which drives a micro 
mirror, when each piezoelectric device 31 causes such [ all at once ] individual or elastic displacement. 
[0031] 

In addition, as for the piezoelectric device 31, the side in which the electrodes 18 and 19 of the piezo electric crystal 4 were 
formed is a raw calcination side where processing is not performed at all (refer to patent documents 4). As a result, generating of 
particle is controlled over a long period of time, and it is hard to produce the dirt of the mirror plane of the micro mirror resulting 
from the drive operation of the piezo-electric actuator array 10. 
[0032] 

Next, an elastic member is explained. Drawing 3 is a top view showing one embodiment of the elastic member which constitutes 
the micro mirror device of this invention. The elastic member 30 is a lattice-like pattern a sheet shaped component to present, 
and so that it may be illustrated the lattice-like pattern. While it is formed so that the crowning 7 (refer to drawing 1 ) of two or 
more piezoelectric devices 31 which constitute the above-mentioned piezo-electric actuator array 10 may be connected, and 
the intersection Q of the lattice existing [ 16 ] is positioned by the center of the crowning 7 of the 16 piezoelectric devices 31, 
The narrow supporter which connects four micro mirrors to the intersection R of four lattices enclosed on the intersection Q in 
every four pieces is positioned. 

[0033] . 

Although a lattice portion is formed by fixed width, the elastic member 30, As stated above, an elastic member may make thin 
(narrowly) width of the lattice of the central close part (namely, intersection R close part) between the crownings of two or more 
piezoelectric devices concerning connection as compared with the width of the lattice of the top close part (namely, intersection 
Q close part) of each piezoelectric device, and may make strength of structure of the portion small. 
[0034] 

The elastic member 30 may make an elastic member become independent every four micro mirrors, although expressed as a 
component of one with which all lattice portions are connected as it is previous statement. That is, the lattice of an elastic 
member may be. separated so that the four intersections Q and the one intersection R enclosed by it corresponding to one micro 
mirror may be 1 set. 
[0035] 

Next, a micro mirror is explained. Drawing 4 is a top view showing one embodiment of the micro mirror which constitutes the 
micro mirror device of this invention. The four micro mirrors -41 illustrated present a square, the whole surface (surface) is the 
mirror plane 43, and the narrow supporter 42 is formed in other fields (rear face) at the center. 
[0036] 

The narrow supporter 42 is formed as a height with column body form small in general united with the micro mirror 41, connects 
the intersection R of the elastic member 30 (equivalent to the center between the crownings of two or more piezoelectric 
devices) with the micro mirror 41, and supports the micro mirror 41 on the elastic member 30. 
[0037] 

Drawing 5 will be a figure in which having laid the above-mentioned piezo-electric actuator array 10, the elastic member 30, and 
the micro mirror 41, and showing those physical relationship, and if it puts in another way, it will be the plan which looked at the 
inside of the micro mirror device of this invention which makes them a component through a fluoroscope. The elastic member 30 
which presents a lattice-like pattern by referring to drawing 2 . drawing 3 , and drawing 4 collectively, While the intersection Q of 
the lattice which is connecting the crowning 7 of two or more piezoelectric devices 31 which constitute the piezo-electric 
actuator array 10 and for which 16 pieces exist is positioned by the center of the crowning 7 of the 16 piezoelectric devices 31, 
He can understand that the narrow supporter 42 which connects the four micro mirrors 41 to the intersection R of four lattices 
enclosed on the intersection Q in every four pieces is positioned. 
[0038] 

Drawing 6 (a), drawing 6 (b), and drawing 7 by the elastic displacement of the four piezoelectric device 31 (it is considered as the 
piezoelectric devices 31a, 31b, 31c, and 31 d for convenience, respectively) which constitutes the piezo-electric actuator array 
10. It is a figure showing signs that the angle (mirror plane 43) of the micro mirror 41 is changed, and a side view and drawing 7 of 
drawing 6 (a) and drawing 6 (b) are perspective views. 
[0039] 

Drawing 6 (a) is in the state (electric field are not given) of OFF of any piezoelectric device, and the micro mirror 41 has turned 
to the straight top in general. Drawing 6 (b) by adding electric field to the piezoelectric devices 31a and 31b, turning OFF the 
piezoelectric devices 31c and 31 d, By not displacing the piezoelectric devices 31c and 31 d, and displacing the piezoelectric 
devices 31a and 31b up, When the central close part (intersection R close part) concerning the connection of the elastic member 
30 which connects the crowning of the piezoelectric device 31a (31b) and the piezoelectric device 31c (31 d) bends, the narrow 
supporter 42 inclines and the angle (mirror plane 43) of the micro mirror 41 is changed through it. Same operation may be carried 
out by not displacing the piezoelectric devices 31a and 31b, and displacing the piezoelectric devices 31c and 31d caudad. 
[0040] 

The state where drawing 7 did not displace only the piezoelectric device 31 d, and the piezoelectric devices 31a, 31b, and 31c 
were displaced up (or the piezoelectric devices 31a, 31b, and 31c are not displaced, and) The elastic member 30 which is in the 
state where only the piezoelectric device 31 d was displaced caudad, and connects each piezoelectric devices [ 31a, 31b, 31c, 
and 31 d ] crowning, The central close part (intersection R close part) concerning the connection bends, the narrow supporter 42 
inclines, and the angle (mirror plane 43) of the micro mirror 41 changes through it. 
[0041] 

Next, how to manufacture the micro mirror device of this invention is explained with the material used. The micro mirror device 
of this invention can be obtained by producing a piezo-electric actuator array, an elastic member, a micro mirror, and the 
independent component that serves as a narrow supporter if required, respectively, and assembling it. The above-mentioned 
piezo-electric actuator array 10. the elastic member 30, and the micro mirror 41 are produced and assembled hereafter, and the 
case where a micro mirror device is produced is taken and explained to an example. 
[0042] 

About the method and material which produce the piezo-electric actuator array 10, a description is omitted according to the 
description of the patent documents 4. It is preferred to use the.charge of a ceramic material of a PZT (PZT) system, etc., using 
a green sheet laminated layers method as a manufacturing method. In detail, it is explained to the manufacturing method of a low 
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dusting-characteristics matrix type piezo-electricity (/electro strict ion) device of the patent documents 4, and the clause of 

material **. 

[0043] 

The elastic member 30 obtains a sheet shaped commercial spring material, and should just process it into a lattice-like pattern 
by processing means, such as punching ** etching and laser processing. As a spring material, resin materials, such as metal, such 
as stainless steel, and polyimide, are used suitably. 
[0044] 

The micro mirror 41 obtains a square mirror substrate, and is obtained by coating the whole surface with material with high 
reflectance, and forming a mirror plane. As a material of the mirror substrate, metal, silicon, ceramics, etc. are employable. Since 
a tabular material with surface high surface smoothness is easily available, silicon is more desirable. As a material with which a 
mirror substrate is coated, gold, aluminum, etc. are used suitably. As the method of coating, sputtering process, vacuum 
deposition, plating, etc. are adopted suitably. 
[0045] 

The narrow supporter 42 can be formed as a height united with the micro mirror 41 side, for example. A height is formed in the 
rear face of a mirror substrate by etching etc., and it is specifically good also considering it as the narrow supporter 42, or it 
applies so that adhesives may be heaped up only to a connection part with the elastic member 30 in the rear face of a mirror 
substrate, and a height is formed, and it is good also considering it as the narrow supporter 42. A height may be formed in the 
elastic member 30 (portion of intersection R) side. 
[0046] 

Next, erection is explained; First, the elastic member 30 which presents a lattice-like pattern is ftxed to the piezo-electric 
actuator array 10 so that the 16 intersections Q may be positioned by the center of the crowning 7 of the 16 piezoelectric 
devices 31. As for this immobilization, it is desirable to carry out by pasting up the portion which the crowning 7 of 31 of the 
elastic member 30 and a piezoelectric device touches. In this state where it fixed, the unnecessary portion of the elastic member 
30 may be separated so that the elastic member 30 may be equipped independently each micro mirror 41 of every behind. As a 
method of separating, means of wire-saw processing etc., such as machining and laser processing, are applicable. The translator 
constituted from the piezo-electric (the micro mirror 41 does not exist) actuator array 10 and the elastic member 30 for 
changing the elastic displacement of the piezoelectric device 31 into the rotation displacement to the biaxial direction by the 
above is obtained. 
[0047] 

Next, the four micro mirrors 41 are attached to the above-mentioned translator. This attachment is performed so that the 
narrow supporter 42 formed in the field used as the rear face of each micro mirror 41 may be positioned and connected to each 
four intersections R of the elastic member 30. After aligning the four micro mirrors 41 in the state where the rear face was 
turned up, beforehand as a concrete desirable mounting means at a tentative fixing means, applying adhesives to the narrow 
supporter 42 and pasting the above-mentioned rolling mechanism, the method of separating a tentative fixing means can be 
mentioned. As a tentative fixing means, the method of fixing to a fixture with a wax etc. or the method of using UV (ultraviolet 
rays) release tape, a heat firing sheet, etc. is employable. 
[Industrial applicability] 
[0048] 

The micro mirror device of this invention is suitably used for an optical switch, an optical scanner, an image display device, etc. 

[Brief Description of the Drawings] 

[0049] 

[Drawing H it is a perspective view showing one embodiment of the piezo-electric actuator array which constitutes the micro 
mirror device of this invention. 

[Drawing 2] It is a top view of the piezo-electric actuator array shown in drawing 1 . 

[Drawing 3] It is a top view showing one embodiment of the elastic member which constitutes the micro mirror device of this 
invention. 

[Drawing 4] It is a top view showing one embodiment of the micro mirror which constitutes the micro mirror device of this 
invention. 

[Drawing 5] It is the top view on top of which the piezo-electric actuator array shown in drawing 2 , the elastic member shown in 
drawing 3 . and the micro mirror shown in drawing 4 were laid. 

[Drawing 6 (a)] It is the figure which expressed signs that the angle of a micro mirror was changed, by the elastic displacement of 
two or more piezoelectric devices which constitute a piezo-electric actuator array, and is a side view showing the state before 
the angle is changed. 

[Drawing 6 (b)] It is the figure which expressed signs that the angle of a micro mirror was changed, by the elastic displacement of 
two or more piezoelectric devices which constitute a piezo-electric actuator array, and is a side view showing the state after the 
angle was changed. 

[Drawing 7] It is the figure which expressed signs that the angle of a micro mirror was changed, by the elastic displacement of two 
or more piezoelectric devices which constitute a piezo-electric actuator array, and is a perspective view showing the state after 
the angle was changed. 

[Drawing 8 (a)] It is a top view showing an example of the conventional micro mirror device. 
[Drawing 8 (b)] It is a figure showing the AA' section in drawing 8 (a). 
[Explanations of letters or numerals] 
[0050] 

2 [ — A piezo-electric actuator array, ] — A ceramic substrate, 4 — A piezo electric crystal, 7 — A crowning. 10 18, 19 [ — A 
micro mirror, 42 / — A narrow supporter, 43 / — A mirror plane, 80 / — (former) A micro mirror device, 81 / — A micro mirror, 
82 / — A torsion bar spring, 83 / — An electrode, 84 / — Mirror placing part. ] — An electrode, 30 — An elastic member, 31 — 
A piezoelectric device, 41 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[0049] 

[Drawing 1] lt is a perspective view showing one embodiment of the piezo-electric actuator array which constitutes the micro 
mirror device of this invention. 

[Drawing 2] lt is a top view of the piezo-electric actuator array shown in drawing 1 . 

[Drawing 3]It is a top view showing one embodiment of the elastic member which constitutes the micro mirror device of this 
invention. 

[Drawing 4] It is a top view showing one embodiment of the micro mirror which constitutes the micro mirror device of this 
invention. 

[Drawing 5]It is the top view on top of which the piezo-electric actuator array shown in drawing 2 . the elastic member shown in 
drawing 3 , and the micro mirror shown in drawing 4 were laid. 

[Drawing 6 (a)] It is the figure which expressed signs that the angle of a micro mirror was changed, by the elastic displacement of 
two or more piezoefectric devices which constitute a piezo-electric actuator array, and is a side view showing the state before 
the angle is changed. 

[Drawing 6 (b)] It is the figure which expressed signs that the angle of a micro mirror was changed, by the elastic displacement of 
two or more piezoelectric devices which constitute a piezo-electric actuator array, and is a side view showing the state after the 
angle was changed. 

[Drawing 7] lt is the figure which expressed signs that the angle of a micro mirror was changed, by the elastic displacement of two 
or more piezoelectric devices which constitute a piezo-electric actuator array, and is a perspective view showing the state after 
the angle was changed. , !; 

[Drawing 8 (a)] It is a top view showing an example of the conventional micro mirror device. 
[Drawing 8 (b)] It is a figure showing the AA' section in drawing 8 (a). 
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[Drawing 6 (a)] 
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